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ABSTRACT 

The radial distributions of Galactic T- ray 
emissivity and cosmic ray intensity are der- 
ived by unfolding the SAS2 line flux data. 

The results show a marked gradient, with the 
cosmic ray intensity in the region 3<R<7 kpc 
being 3-4 times as much as locally. There is 
also an indication for a higher gradient for 
cosmic rays of lower energy. 

1. Introduction 

The gamma-ray line flux measured by SAS2 comes mainly 
from within the Galactic plane region ( |b | < 10°). For 
energies Ey > 35 MeV the main production mechanisms are 
the t r° and bremsstrahlung processes with only a small 
contribution from Inverse Compton scattering. Therefore, 
the line flux measurements can be used to derive informa- 
tion on the radial distribution of nucleons and electrons 
in the Galaxy. 

The usual technique used for deriving the large scale 
radial distribution of cosmic rays is to unfold the measu- 
red longitude dependence of gamma-ray flux (e.g. Strong, 
1975 , _ Issa _ et al, 1981). The resulting radial dependence 
of emissivity is then divided by the smoothed total gas 
density. 


In the present work, we have used a modified method 
to unfold the line flux, assuming a Galaxy with cylinde- 

. ^noh symmetry ° Tile H 2 gas densities of Blitz and Shu 
U.980) are then used to find an estimate for the radial 
distribution of cosmic rays in the Galaxy. 

* 2. The Unfolding Method 

The radial distributions of gamma-ray emissivity are 
derived from SAS2 data for Ey >35 MeV and Er >100 MeV. 

The distributions are obtained by unfolding the line flux 
integrated^ between latitudes of -10° and +10° for ^;0°-180° 
and excluding known discrete sources. ! 

Assuming cylinderical symmetry, the Galaxy with Z v = 
115 pc has been divided into 16 concentric rings, with /2 
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ring (j) having a mean radial distance from the centre of 
R = (j-l) kpc . The line flux data are then fitted to the 
following equation : 

- ( I'D ^ \ 

I( >%’ e) = ' 4TT 4 "3 + *B.O. (1) 

J 

where : 

q^ 0 and q B are the local emissivities from the tt° 
and bremsstrahlung proc esses,, respec tively, evaluated for 
a gas density of 1 H atom/cm , 

&■ is the relative T-ray emissivity, assumed to depend 
only on R and is given by 

h = < G j +>?) 

where G. is the gas distribut ion function, normalized 
such tha'I G(R=10 kpc) = 1 , y is the contribution of 

Inverse Compton process relative to the rr°- and B-proc esses, 
and F„ D (;j) ^- s the distribution of cosmic rays. In equ 
(1), CE „ +10° 

W.( l) = f Zn+( i ,b)db 

-io° 

ij tx 

represents the contribution of the j ring to the line-of- 
sight integral, and I B c is the background flux. Table (1) 
givesthe values of the ‘parameters used in equ. (1). 

Table (1) 


E r (MeV) 

q^o +q B (cnr 3 s~ 1 ) 

n 


' 2 s _1 rad X ) 

> 35 

2.82 x 10 -25 

0.08 

2 x 

10" 5 

>100 

1.682x 10 -25 

0.05 

3.5 x 

V£) 

I 

o 

1 — f ! 


3* Results and Discussion 

The radial distributions of relative emissivity are 
shown in Figs. (la,b). The distributions of cosmic ray 
intensity, obtained by using the gas density distribution 
of Blitz and Shu (1980) are shown in Figs. (lc,d) for 
E > 35 and y 100 MeV, respectively. 

The results shown indicate marked gradients, with the 
cosmic ray intensity in the region 3<R<7 kpc being 3-4 
times that locally. A comparison of Fig. (lc) with Fig. 
(Id) also indicates a higher gradient for lower energy 
cosmic rays. The mean magnitude over R = 3-7 kpc is 3,67 
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for E r >35 MeV compared to 3.06 for E r >100 MeV, while 
the corresponding median electron energies are approxima- 
tely 70 and 185 MeV, respectively (Goned, 1981) 0 

Another feature that is apparent from the results is 
tne existence of a minimum in both the emissivity and 
cosmic ray distributions at R - 9 kpc a This corresponds 
V V" p in the longitude distribution of Y-rays near 
L—oO . Such minimum has been observed in the unfolding 
results oflssa et al, (1981) 'and is assumed to be the 
result of long path lengths through the inter-arm region 
between the Sagittarius and Orion arms. 


In general, the results point strongly to the exist- 
ence of cosmic ray gradients in the Galaxy. This could 
□ e an evidence for a Galactic origin for cosmic rays pro— 
due mg the "Jr— nays with the energies considered here* 



EIG. (1). 


RELATIVE EMISSIVITY AND COSMIC 
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